Abstract. Emerging evidence suggests that the peripheral immune system has an active role in the progression of Parkinson's disease (PD). The finding of T-helper (Th; CD4+) cells infiltrating into the substantia nigra in PD patients demonstrated that Th cells are involved in PD. However, the association between peripheral T-helper cell sub-sets (Th1, Th2, Treg and Th17) and the sub-set balance (Th1/Th2 and Th17/Treg) and PD has remained elusive. In the present study, sixty PD patients of the First Affiliated Hospital of Bengbu Medical College as well as 40 age-and environment-matched healthy individuals were enrolled. The fraction of CD4+ T cells in the peripheral blood was assessed by automated hematology analysis and its sub-sets (Thl, Th2, Thl7, Treg) were quantified by flow cytometry. The results showed that in the PD group, the proportion of Th1 and Th17 cells was increased, while that of Th2 and Treg cells was decreased. Compared with the control group, the Th1/Th2 and Th17/Treg ratios were significantly enhanced, and shifted towards Th1 and Th17, respectively. Furthermore, this Th1-type response (Th1/Th2 balance shifting towards Th1) were associated with motor function scores determined by Unified Parkinson's Disease Rating Scale III (UPDRS-III) scores. However, no correlation was found between the change in the Th17/Treg cell balance (Th17/Treg balance shifting towards Th1) and UPDRS-III scores. These data supported that chronic immune stimulation, specifically CD4+-cell sub-set imbalance, is linked to PD pathobiology and disease severity. CD4+-cell sub-sets and their imbalance may therefore represent novel biomarkers or therapeutic targets for PD.
Introduction
Parkinson's disease (PD) is the second-most common neurodegenerative disease worldwide (1) . The typical pathological feature is the abnormal accumulation of α-synuclein (SYN) in substantia nigra (SN) dopaminergic neurons, causing the formation of Lewy bodies (LBs) and the degeneration and apoptosis of neurons. To date, the etiology and pathogenesis of abnormal SYN accumulation have remained elusive (2, 3) . Studies have shown that inflammatory and abnormal immune responses have a crucial role in the occurrence of PD (4-7). These immune-associated types of inflammation exist not only in the brain (7, 8) , but the peripheral immune system is also thought to contribute to the onset and progression of the neurodegenerative process in PD (9) (10) (11) (12) . Inflammation in the peripheral immune system is hypothesized to contribute to the onset and progression of the neurodegenerative process observed in PD, due to serum αSYN-specific antibodies (10) , and lymphocyte infiltration into the brains of patients with PD (7) . In light of these studies, it is indicated that the function of immune cells is essential during inflammation-induced PD.
CD4+ T cells are important immune cells with functions including the identification of viruses, bacteria and other pathogens, and the coordination of other immune cells, directing them to attack these pathogens (13) . CD4+ T cells were found to infiltrate into the SN in PD patients as well as mouse models of PD (14) (15) (16) (17) . Naive CD4+ T cells can differentiate into T-helper (Th1, Th2 and Th17) and regulatory T (Treg) cells in order to execute their functional activities in the immune system. These sub-sets are not differentiated stereotypical cells, but have a certain plasticity (17, 18) . They affect and restrain each other through the secretion of cytokines, forming a network to maintain homeostasis. An imbalance in the sub-set ratios can cause immune dysfunction and lead to immune damage of organs (19) . Studies have shown that circulating CD4+ T-cell sub-sets and sub-set balance may have an active role in the progression of PD (20, 21) . Only a small number of studies have demonstrated that circulating CD4+ T cell sub-sets are altered in PD patients, however, with conflicting results (22, 23) .
In the present study, the fractions of Th1, Th2, Th17 and Treg cells which differentiated from CD4+ T cells were assessed in patients with PD. Furthermore, these sub-sets and Sample collection. Sterile quantitative blood collection tubes containing EDTA-2 K (BD Vacutainer; BD Biosciences, Franklin Lakes, NJ, USA) were used to draw 8 ml peripheral venous blood. Samples were coded and stored at room temperature until processing, which occurred within 2 h of collection. A complete blood cell count with differential analysis was performed using an XT-4000i automated hematology analyzer (Sysmex, Kobe, Japan) based on the semiconductor laser fluorescence streaming technology.
Flow cytometric phenotype analysis
Reagents. Multicolor flow cytometric analysis was performed using a FACSCalibur flow cytometer (BD Biosciences) with BD FACSDiva hardware (BD Biosciences) and CellQuest Pro software (BD Biosciences). 2 incubator at 37˚C for 4-6 h. CD3-FITC and CD8-FITC (BD Biosciences) were added, followed by incubation. The mixture was divided into four aliquots, and to each of them, 100 µl stained whole blood was added. Fixative (100 µl; BD Biosciences) was added and incubated. Following centrifugation, the supernatant was discarded, and 100 µl solubilizing agent (BD Biosciences) was added, followed by mouse IgG1-PE, IFN-γ-PE, rat IgG1-PE and IL-4-PE and the mixture was incubated in the dark at room temperature for 15 min. Cells were then washed, centrifuged at a speed of 206 x g and the supernatant was discarded. Cells (1x10 6 ) were resuspended in 0.5 ml phosphate-buffered saline (PBS), then detection of the proportions of CD3 + CD8-IFN-γ+cells (Th1 cells) and CD3 + CD8-IL-4+cells (Th1 cells) with a FACS Calibur flow cytometer (BD Biosciences) was performed.
CD4+-cell and Th17-cell detection. Fresh sterile blood samples (2 ml) were mixed with 100 µl heparin RPMI-1640 medium [MultiScience (Lianke) Biotech Co., Ltd.]. 5 µl 2 µg/ml phorbol ester, 5 µl 50 µg/ml ionomycin and 4 µl 5 mg/ml brefeldin were added, and the cells were incubated at 37˚C in a 5% CO 2 incubator for 5 h. Fixative (100 µl; BD Biosciences) was added and the mixture was incubated in the dark at room temperature for 15 min. Cells were then washed, centrifuged at a speed of 206 x g, and the supernatant was discarded. Solubilizing agent (100 µl; BD Biosciences) was added to disrupt the cell membrane. Cells were then stained with allophycocyanine (APC)-conjugated mouse anti-human CD3 (BD Biosciences), PerCP-labeled mouse anti-human CD4 BD Biosciences) and PE-labeled IL-17A-directed monoclonal antibodies (Abcam) or PE-labeled isotype control at 35˚C in the dark for 15 min. After rinsing twice and centrifugation at a speed of 206 x g, the supernatant was discarded. PBS was added and the samples were examined using the FACSCalibur flow cytometer to determine the proportion of CD3+, CD4+, and IL-17A+ cells.
Treg detection. Tregs were defined as CD3+ CD4+ CD25high CD127diminished (dim), as it has been shown that these cells represent the large majority of forkhead box (Fox) P3+ Tregs (24, 25) . In the present study, this definition was used instead of the commonly accepted definition (CD3+ CD4+ CD25high FoxP3+) to avoid excessive cell loss from blood samples during the fixation and washing steps required for FoxP3 staining. Fresh sterile blood (100 µl) containing heparin was incubated with APC-conjugated mouse anti-human CD3, FITC-labeled mouse anti-human CD25, PerCP-labeled mouse anti-human CD4 and PE-conjugated mouse anti-human CD127 monoclonal antibodies (all BD Biosciences) and the appropriate isotype controls at 35˚C in the dark for 15 min. FACS lysis solution (BD Biosciences) was added and the two samples, which were sample treated with all antibodies and IgG1-PE isotype control were incubated for 5 min in the dark at 35˚C for 15 min. Cells were then washed and centrifuged at a speed of 206 x g, and the supernatant was discarded. The cells were fixed with 0.5 ml of 1% paraformaldehyde. Multicolor flow cytometric analysis was performed using the FACSCalibur flow cytometer.
Statistical analysis. Data were analyzed using SPSS 13.0 (SPSS, Inc., Chicago, IL, USA), and graphs were drawn using Graphpad Prism 4 (Graphpad Inc., La Jolla, CA, USA). Comparison between the experimental and control groups was performed using a two-sample t-test. Each index comparison between different groups was performed using analysis of variance and a pairwise Student-Newman-Keuls comparison test. P<0.01 was considered to indicate a statistically significant difference.
Results

Lymphocyte and CD3+ CD4+ T-cell frequencies in patients with PD.
Increasing evidence suggested that CD4+ T cells have an important role in the pathogenesis of PD (14-16).
Therefore, the numbers of CD4+ T cells in PD patients were determined by flow cytometry. CD4+ T cells are a type of lymphocytes, the latter accounting for 20-40% of white blood cells (WBC). Thus, the present study first determined the WBC count and the main components of peripheral WBC, neutrophils and lymphocytes. The results in Table I show that neutrophils were enhanced in the PD group, while the absolute lymphocyte value, the lymphocyte proportion of WBCs, the CD4+ T-cell proportion and the absolute CD4+ T-cell number in lymphocytes were decreased in the PD group compared with those in the control group. The CD4+ T-cell proportion and the absolute CD4+ T-cell number in lymphocytes were also higher in the PD group than those in the control group. These results suggested that peripheral blood CD4+ T cells may be involved in the pathogenesis of PD.
PD patients show an enhanced Th1 and Th17-type immune response. Naive CD4+ T cells can differentiate into T-helper cells (Th1, Th2 and Th17) and Treg cells, which affect each other. An imbalance can cause immune dysfunction and lead to immune damage of organs (19) . Studies have shown that circulating CD4+ T-cell sub-sets and the sub-set balance may have an active role in the progression of PD (20, 21) . The fact Table I . Complete blood counts and differential counts of PD patients and controls.
Controls
PD patients Table II . CD4+ T-cell sub-sets and sub-set balance in PD patients and controls. that peripheral blood CD4+ T cells may be involved in the pathogenesis of PD suggested that the occurrence of PD may be correlated with CD4+-cell sub-sets (Th1, Th2, Th17 and Tregs) and sub-set balances (Th1/Th2 and Th17/Treg). To test this hypothesis, the present study examined the numbers of Thl, Th2, Thl7 and Treg cells in the peripheral blood of patients with PD. The ratios of Th1/Th2 and Th17/Treg were then calculated.
To quantify Thl and Th2 cells, the specific cytokines IFN-γ and IL-4, which are secreted by Th1 and Th2, respectively, were used to identify those two types of cell. anti-CD3 and CD8 labeling with reverse mapping of CD4+ cells was used to prevent PMA-induced CD4 cell surface endocytosis. To test for Thl7, the specific cytokine IL-17, which is secreted by Th17, was used to distinguish Th17 cells. Tregs were defined as CD3+ CD4+ CD25high and CD127dim cells. In the present study, this definition was used instead of the 'gold standard' (CD3+ CD4+ CD25high FoxP3+) to avoid excessive cell loss from blood samples during the fixation and washing steps required for FoxP3 staining; studies have shown that CD3+ CD4+ CD25high CD127dim cells represent the large majority of FoxP3+ Tregs (24, 25) .
The results showed that Thl and Thl7 cells were obviously enhanced in PD patients group, while the proportion of Th2 and Treg cells significantly decreased (Table II) . The Th1/Th2 and Th17/Treg ratios in the PD group were significantly higher than those in the control group, and were shifted towards Th1 and Th17. The enhancement of Th1-type response (the Th1/Th2 balance shifting towards Th1) indicated that the cellular immunity was in the active state and the host cell defended intracellular pathogen infection. This is consistent with the pathological features comprising the abnormal accumulation of SYN in SN dopamine neurons in PD patients. This intracellular abnormal SYN is similar to intracellular pathogens and activates the immune system, leading to the observed Th1-type response. Th17 cells promote inflammation, mainly by producing cytokines, while Tregs inhibit the immune response. Therefore, Th17 and Tregs regulate each other. In the present study, similarly to the Th1-type response, the enhancement of the Th17-type response (Th17/Treg balance shifting towards Th17) also suggested that the inflammation was initiated.
Severity of PD is correlated with CD4+ T-cell sub-sets and sub-set balance.
To investigate the association between motor dysfunction severity and CD4+ T-cells sub-sets and sub-set balance, the flow cytometric data of the PD group were correlated with the UPDRS-III scores. Three groups were segregated according to UPDRS-III scores of 1-20 (n=15), 21-30 (n=29) and ≥31 (n=16). Correlation analysis showed that the Th1-type response was associated with motor function scores determined by UPDRS-III. However, no correlation between changes in the Th17/Treg-cell balance and UPDRS-III was identified (Fig. 2, P>0 .05).
Discussion
Inflammation is a defensive reaction against harmful stimuli that can induce a defensive response in the body. In the present study, peripheral blood parameters of PD patients (the general Table I ) were within the normal range (4-10x10 9 /l), however, the proportion of neutrophils in PD patients was high. In PD patients, the proportion of CD4+ cells in lymphocytes was low, but the difference from the healthy control group was not statistically significant. Further study confirmed that the distribution of CD4+-cell sub-sets in PD patients was obviously abnormal, which indicated alterations in the immune response in PD patients. This result was consistent with the findings of previous studies, which suggested that peripheral immunological challenges and chronic inflammatory diseases influence the pathogenesis and progression of PD (26-29). These studies indicated that CD4+ cells have an important role in the development of PD.
In the immune system, CD4+ T lymphocytes are important immune cells, and all CD4+ T cells can be classified into T helper (Th1, Th2, Th17) and regulatory T (Treg) cell sub-sets. Through the secretion of cytokines, they affect and restrain each other, and form a network to maintain homeostasis for maintaining the normal immune function. Mu et al (30) first presented the concept that functional imbalance of Th1-, Th2-, Th17-and Treg-cell sub-sets leads to multiple sclerosis. The present study confirmed the changes in the distribution of CD4+-cell sub-sets in PD patients. However, if the above-mentioned network balance is broken, it will lead to a disease (30) .
The present study reported that the Th1-cell population was increased and the Th1/Th2 balance was shifted towards Th1 in PD patients. The normal proportion of Th1 cells among CD4+ cells is 10-15% (the proportion of the subsets refers to the total CD4+-cell population and these reference values are derived from the application of flow cytometry, which was performed for Th1/Th2 detection). The normal range of Th1 was 11.8-25.8% and the normal range of Th2 was 0.8-2.4%. In the present study, Th1-cell populations in the PD group and control group were 17.88 and 11.23%, respectively; therefore, the Th1-cell population in the PD group was higher than the measured value of the control group. The normal value for the Th2-cell population is 0.8-2.4%. In the present study, Th2-cell populations in the PD group and control group were 1.82 and 1.67%, respectively. Although the Th2 population in the PD group was decreased, the difference from the control group was no statistically significant and values were within the normal range. The Th1/Th2 balance shifted towards the Th1 cells, indicating an enhanced Th1-type response in PD patients. Previous studies indicated that Th1 cells mediate cell immunity through secretion of cytokines and have an important role in removing intracellular microbial infections (13) . Th2 cells mediate the humoral immune response through the secretion of cytokines. Under normal conditions, the immune function of Th1 and Th2 cells is in a state of dynamic equilibrium. Once the equilibrium is disturbed, normal immune function cannot be maintained with the emergence of various associated diseases (18, 19) . It is known that the Th1/Th2-cell imbalance is closely associated with infectious diseases, autoimmune diseases and cancer. The Th1-type response is associated with the enhanced immune defense of a host against viral and intracellular pathogen infections (19, 31, 32) . The results of the present study indicated that the Th1-type response was enhanced in PD patients, and PD was based mainly on cell-mediated immunity. This is consistent with the . This accumulated SYN in the affected neurons has a similar effect to that of intracellular pathogens, thereby activating the immune system and leading to a Th1-type response and a shift in the Th1/Th2 balance towards Th1. As long as SYN is accumulated in the SN dopamine neurons, it continues to activate the immune system, and the resulting excessive or prolonged immune response leads to PD progression and loss of dopamine neurons. The more the cells are affected, the more severe the disease, and the more marked the Th1-type response and the shifting of the Th1/Th2 balance. Therefore, the present study assessed the correlation between Th1, Th2, the Th1/Th2 balance and UPDRS-III scores in patients with PD. UPDRS-III is the most commonly used assessment of disease severity, based on PD motor symptoms. The correlation analysis showed that in PD patients, Th1 and Th1/Th2 were associated with the motor function scores determined by UPDRS-III. PD patients with UPDRS-III scores of 30 or higher had increased Th1 and Th1/Th2, indicating more severe motor symptoms of PD and the presence of a correlation between the Th1 response and the severity of PD. The present study also found that Th17 cells were increased and Tregs were decreased in PD patients. The normal proportion of Tregs in human peripheral blood is 5-10% (33) ; in the present study, Tregs were reduced to 4.12% in PD patients and the Th17/Treg balance was shifted towards Th17. Previous studies have shown that Th17 cells promote inflammation mainly through production of cytokines, and are primarily associated with mucosal inflammation (34, 35) . Normally, Th17 cells and Tregs restrain each other, and there is a Th17/Treg balance, similar to the Th1/Th2 balance. The disturbance of the Th17/Treg balance is a key factor in numerous inflammatory and autoimmune diseases (34, 36) . In the present study, the increased Th17-cell population in PD patients indicated enhanced PD-associated inflammation, while reduced Tregs in PD patients suggested weakened inhibition of inflammation. This further confirmed not only the existence of an excessive inflammatory response, but also weakened immune inhibition in PD patients. The latter caused the relative enhancement of inflammation, which is responsible for the aggravation of the inflammatory damage to tissues and organs in PD. However, the present study found no significant correlation between the proportion of Th17 cells and the UPDRS-III schore in patients with PD. This imay be because UPDRS-III may not fully reflect the severity of PD, as it only considers motor function. The clinical diagnosis is primarily based on motor symptoms of PD, and therefore, the most commonly used assessment of disease severity is the UPDRS-III score, which is based on motor symptoms. However, in recent years, with the deeper understanding of PD, non-motor symptoms in PD patients also received increased attention (37, 38) . Numerous studies have shown that PD is a multicentric neurodegenerative process that also affects neuronal structures outside the central nervous system in the SN (13, 39) . Studies have identified abnormal accumulation of SYN in olfactory mucosa and the colon, and in the clinic, PD patients generally present with symptoms including the loss of smell and constipation. These symptoms can appear prior to or after the motor symptoms, and therefore, it is unreasonable to exclusively consider motor symptoms to assess the degree of PD.
A preliminary study by our group found that non-specific inflammation in the colonic mucosa, which is associated with long-term inflammation-induced colonic transit constipation, is present in PD patients. The proportion of Th17 cells and Treg cells as well as the Th17/Treg ratio were found to be correlated with constipation of Parkinson's disease patients (results not shown) (40) . Th17 cells are closely associated with mucosal inflammation, and Treg cells can be transformed into Th17 cells in the mucous membrane (35) , which may explain the present findings that Th17 cells, Treg cells and Th17/Treg were not correlated with the severity of motor symptoms in PD patients.
Experiments addressing the phenotype of pathogenic CD4+T-cells have shown that Th1 and Th17-cells autoreactive cells are important for the promotion of neuronal loss in PD (41) . Conversely, other T-cell subsets, such as Tregs-cells and Th2-cells, could contribute to microglial acquisition of an anti-inflammatory phenotype and to promote neuronal protection (41, 42) .
In conclusion, the results of the present study indicated that chronic immune stimulation, specifically the imbalance of the Th1/Th2 CD4+-cell sub-set, is linked to PD pathobiology and disease severity. The Th1/Th2 equilibrium and its imbalance may therefore represent a novel biomarker or therapeutic target for PD.
